Background Isolated revision of the acetabular component in the setting of total hip arthroplasty has an increased risk of dislocation. With local soft tissue destruction frequently associated with failed metal-on-metal (MoM) bearings, it is presumed that acetabular revision of these hips will have even greater risk of complications. However, no study directly compares the complications of MoM with metal-on-polyethylene (MoP) acetabular revisions. Questions/purposes In the context of a large database analysis, we asked the following questions: (1) Are there differences in early medical or wound complications after isolated acetabular revision of MoM and MoP bearing surfaces? (2) Are there differences in the frequency of dislocation, deep infection, and rerevision based on the bearing surface of the original implant? Methods A review of the 100% Medicare database from 2005 to 2012 was performed using International Classification of Diseases, 9th Revision and Current Procedural Terminology codes. We identified 451 patients with a MoM bearing and 628 patients with a MoP bearing who had an isolated acetabular revision and a minimum followup of 2 years. The incidence, odds ratios, and 95% confidence intervals for early medical or wound complications were calculated using a univariate analysis at 30 days with patient sex and age group-adjusted analysis for blood transfusion. The incidence, odds ratio, and 95% confidence intervals for dislocation, deep infection, and rerevision were calculated using a univariate analysis at 30 day, 90 days, 1 year, and 2 years using a subgroup analysis with the Cochran-Mantel-Haenszel test to adjust for patient gender and age groups. Results There were no differences between the MoM and MoP isolated acetabular revisions in the incidence of 30day local complications. There was a greater risk of transfusion in the MoP group than the MoM group (134 of 451 [30%] versus 230 of 628 [37%]; odds ratio [OR], 0.731; 95% confidence interval [CI], 0.565-0.948; p = 0.018). There were no differences at 2 years between the MoM and MoP acetabular revisions in the incidence of dislocation, infection, or rerevision. When analyzed by patient sex and age group, there were more infections in the age 70 to 79 years MoP group compared with MoM (10 of 451 [5%] versus 29 of 628 [10%]; OR, 4.47; CI, 1.699-11.761; p = 0.001).
Introduction
Isolated revision of the acetabular component of THA may be performed for instability, wear, osteolysis, loosening, or infection in the presence of a well-fixed femoral component [25] . According to one study of the Medicare database, isolated revision of the acetabular component accounted for 13% of all revisions [4] . Isolated acetabular revision can be challenging and is associated with increased complications but has advantages of decreased blood loss and surgical time compared with both-component revisions [28, 35, 39] . Several studies have shown satisfactory results with isolated revision of the acetabular component in hips with metal-on-polyethylene (MoP) bearing surfaces using an uncemented porous-coated hemispherical shell [9, 11, 15, 19, 25, 31, 34, 35] . However, the most common complication of isolated acetabular revision is dislocation, reported to be as high as 20% [23] .
Metal-on-metal (MoM) hip components were reintroduced to decrease the risks of early dislocation and late wear and osteolysis [27] . The rates of survival have been reported from 92% to 100% at 5 years and 82% to 100% at 10 years [1, 13, 30, 40] . The most common indications for revision of MoM hips include adverse local tissue reaction (ALTR), aseptic loosening of the acetabular component, infection, and persistent groin pain [7] . Although many of these complications can occur with other bearing surfaces, ALTR related to particulate metal debris, molecular effects of metal ions, or corrosion products may contribute to extensive soft tissue destruction [36] . Some studies have suggested that the soft tissue damage associated with failure of the primary MoM hip components may also predispose to higher rates of complication after revision surgery, including dislocation and infection [32, 38, 42] .
We therefore sought to answer the following questions in the context of a large database analysis: (1) Are there differences in the 30-day medical and wound complications after isolated acetabular revision of MoM and MoP components? (2) Are there differences in the frequency of dislocation, deep infection, and rerevision after isolated revision of the acetabular component based on the bearing surface of the initial implant?
Patients and Methods
We retrospectively queried the Medicare Standard Analytic Files database from 2005 to 2012 using PearlDiver Technologies (West Conshohocken, PA, USA). This searchable database contains 100% of both inpatient and outpatient claims with more than 50 million unique patient records including 1.1 million THAs. This research tool has been used in various studies in orthopaedic surgery [14, 24] and has been specifically validated for complications after total joint arthroplasty [2] .
The proprietary coding language relies on International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and Current Procedural Terminology (CPT) codes, Boolean operators, and timeframe filters. The output values indicate the number of patients with a specified diagnosis or procedure within the stipulated time relationship to another specified diagnosis or procedure. If the output is a nonzero number less than 11, rather than reporting a number, the program reports a '' * '' to prevent identification of a particular patient and comply with the Health Insurance Portability and Accountability Act. When this occurred in this study, the number was arbitrarily treated as a ''5'' (median between 1 and 10). This study was approved as exempt research by the Institutional Review Board for Clinical Investigations.
We conducted a search of the Medicare database to identify all patients undergoing THA (ICD-9-CM procedure code 81.51 or CPT code 27130) and separated them into two cohorts: those coded with a MoP bearing surface (ICD-9-CM procedure code 00.74) and those coded with a MoM THA (ICD-9-CM procedure code 00.75). Another study using Medicare inpatient claims from 2005 to 2007 used these codes to compare the rates of complications after primary THA among different bearing surfaces [6] . In the present study, codes were searched so as to exclude the same code being counted more than once for the same patient. We excluded patients with more than one hip replacement using the code count function for ICD-9-CM procedure code 81.51 and CPT code 27130 in addition to the ICD-9-CM diagnosis code V43.63 to ensure the capture of complications at an accurate time point from a population with only one primary THA with either MoM or MoP. The MoM and MoP cohorts were then each independently queried to identify those patients with a subsequent isolated acetabular revision code (ICD-9-CM procedure code 00.71 or CPT 27137). These bearing surface and isolated acetabular revision codes were introduced in 2005 and should be used when the acetabular component is revised whether or not the femoral head is revised [4] . For the specific surgical and medical complications, the cohorts were then filtered to exclude any patient whose isolated acetabular revision occurred in 2011 or 2012 to have at least 2-year followup for these patients.
Demographic information was obtained for both cohorts, including patient sex and age by group (younger than 65, 65-69, 70-74, 75-79, 80-84, 85 years and older, and unknown). The number of patients with each Charlson Comorbidity Index (CCI) was also obtained with the mean, median, and SD. This information can be used to estimate 10-year mortality [8] , and CCI has been validated in revision THA [37] .
Both cohorts were also searched for specific medical complications using corresponding ICD-9 diagnosis and procedure codes occurring within the first 30 days from acetabular revision, including the same admission and all subsequent followup visits or readmissions. Similarly, patients in each cohort were crossreferenced for surgical complications within the first 30 days, 90 days, 1 year, and 2 years after acetabular revision. For the surgical complications, the acetabular revision admission was excluded from analysis because the preoperative indications for surgery could not be distinguished from any immediate postoperative complications. This rationale was applied to both the MoP and the MoM cohorts.
Study Population
Between 2005 and 2012, we identified 902 patients who had a THA with a MoM bearing who subsequently required an isolated revision of the acetabular component and 1159 patients with a MoP bearing surface THA and subsequently required isolated acetabular revision. Of these patients, 451 from the MoM and 628 from the MoP isolated acetabular revisions were performed before 2011 and could thus have a minimum followup of 2 years and are the subjects of this study. The patient demographics of these two groups of revisions were slightly different ( Table 1) .
Statistical Analysis
Data are presented using standard methods including the median and range for continuous variables (CCI) and counts with percentages for the categorical comorbidities and complications at each time point including odds ratios (ORs) with 95% confidence intervals (CIs). Chi square methods were used to determine if each event rate was statistically different between the isolated acetabular revisions of MoM compared with MoP at each postoperative time point, whereas Fisher's exact test methods were used if any expected cell count was \ 11. As previously stated, if the output result was a '' * ,'' the value 5 was assigned as a best estimate (the center of the range). The main complications of interest (dislocation, infection and revision) were further stratified by age group and sex at 2 years postoperatively to determine if rates were different between MoM and MoP within each subgroup. Furthermore, the Cochran-Mantel-Haenszel test was used to adjust for age and sex to determine if MoM and MoP revision complications were statistically different after adjusting for their influence as well as to obtain adjusted ORs with 95% CIs. A p value \ 0.05 was considered statistically significant. SAS Version 9.4 (SAS Institute, Cary, NC, USA) was used for all analyses.
Results
There were no differences between the cohorts in the 30day incidence of deep venous thrombosis, congestive heart failure, urinary tract infection, bleeding complications, postoperative anemia, or cellulitis. The proportion of patients receiving a transfusion ( There were no differences in the frequency of dislocation, deep infection, or rerevision between the two cohorts at 30 days, 90 days, or 2 years (Table 3) . At 1 year, there were more infections in the MoP cohort (27 of 451 [6%]) compared with the MoM group (59 of 628 [9%]; OR, 0.614; CI, 0.383-0.985; p = 0.041). Subgroup analysis showed that this occurred disproportionately in the age group 70 to 79 years ( Table 4 ). The rate of infection differed between groups when stratified by age ( Table 5 ).
The subgroup analysis for transfusion showed that the difference in transfusion rate was the result of a higher proportion of women in the MoP cohort and a higher rate of transfusion in woman compared with men ( Table 4 ). The rate of transfusion differed by age and gender ( Table 5) .
Post hoc power analysis using the effect sizes at 2 years showed that this study is powered with 12.2%, 22.6%, and 11.1% power for dislocation, infection, and rerevision, respectively. To achieve 80% power to detect a difference between the MoM and MoP revision, the cohorts would have to be 7000 for dislocation, 3000 for infection, and 8000 for rerevision.
Discussion
Isolated revision of the acetabular component often is performed for wear, osteolysis, and aseptic loosening in MoP bearing surface THAs, but varying rates of postoperative complications, including dislocation, have been reported [23] . Although early results were promising, MoM THA components have been reported in registry studies [16] to have higher rates of complication and failure associated with ALTR and muscle damage. It has been assumed that isolated acetabular revision of a failed MoM hip would have even higher rates of complications. However, there are several single-institution series of MoM revisions, not specifically focused on complications after acetabular revisions, but these are limited by small numbers of patients [32, 38, 42] . We asked the following questions: (1) Are there differences in the 30-day medical and wound complications after isolated acetabular revision of MoM and MoP components? (2) Are there differences in the frequency of dislocation, deep infection, and rerevision after isolated revision of the acetabular component based on the bearing surface of the initial implant?
We note several limitations to our study. First, it is an administrative database dependent on the accuracy of coding performed by administrative professionals who may be limited by the thoroughness of the medical documentation. Previous studies have found administrative claims to be useful in orthopaedic surgery [14, 24] , and specifically in THA [3] [4] [5] . Bozic et al. [2] compared administrative claims data with institutional data and reported that it was highly specific ([ 92%) for each arthroplasty-relevant complication and comorbidity tested but variable in their sensitivity (29%-100%). This level of accuracy may be sufficient for this study but also could influence the results, especially if documentation was more thorough for revisions of one bearing surface type compared with the other. Another previously mentioned administrative database study comparing different bearing surfaces in primary THA acknowledged the important limitation and source of bias because bearing surface cohorts are defined by an optional modifier code [6] . The same limitation applies for this study of isolated acetabular revisions. Additionally, as a result of the limitations of the codes, it is not possible to differentiate between acetabular liner revisions and acetabular shell revisions. In the registry study of Lie et al. [26] , both exchange of an acetabular component and a change of an acetabular liner were regarded as an acetabular revision. Second, although an administrative database is very useful for accumulating a large number of patients with a specific diagnosis or operative procedure, it is limited in the level and type of information that can be provided compared with other types of studies. For example, the data in operative reports and radiographs, which would be used to determine the indication for revision, surgical approach, amount of bone loss [33] , acetabular cup position, and soft tissue damage [7] , are not available. In addition, the sizes of the removed and revision acetabular components, femoral heads, and retained femoral components are not available. The size of the femoral head component could be especially useful information for the risk of dislocation, because large femoral head components (36-40 mm) have been shown in two studies to reduce the risk of dislocation after revision THA [17, 21] . Third, the acetabular revision admission was excluded from the analysis of dislocation, deep infection, and rerevision. The limitation of this approach is that any of these complications that occurred during that admission would be excluded. However, if the index acetabular revision was not excluded, the rates would be dramatically overestimated, because all indications for the initial acetabular revision would also appear as complications of that surgery. Fourth, these findings are somewhat limited by relatively short-term followup after isolated revision of the acetabular component. The 8 years of available data in the Medicare database require a choice to be made between length of followup and size of the population with a given amount of followup. We excluded acetabular revisions performed in 2011 and 2012 to have minimum 2-year followup for major surgical complications. Fifth, for the rates of deep infection at 30 days and the age subgroups \ 69 years and 70 to 79 years in the MoM cohort, we assumed the number was five for previously stated reasons. This approximation was only used three times in our analyses. These limitations are important, but they are mitigated by the relatively large numbers of isolated revisions of the acetabular component of hips with MoM or MoP bearing surfaces included in the entire Medicare database. Other studies of isolated acetabular revisions have been single-institution reviews and included cohorts ranging from 26 to 165 patients [20, 29] . However, the post hoc power analysis showed that this study is underpowered to detect small variations in effect size for the three major complications. Finally, this study cannot comment on the risk of complications of patients undergoing isolated acetabular revision who are not in the Medicare database. MoM hip arthroplasty was marketed to both a younger population to decrease wear complications and an older population to decrease dislocations. This study may have excluded many younger patients who would not be included in the Medicare database.
At the time of isolated acetabular revision, the cohorts with MoP and MoM bearing surfaces were very similar in terms of many demographic variables, comorbidities, and overall health as measured by the CCI. However, the MoM group had more male patients and a lower proportion of patients in the older age ranges. This may be the result of surgical selection bias in the mid-2000s with implantation of more MoM hips in younger male patients, because this bearing surface was anticipated to have less wear and osteolysis compared with MoP components [27] . This finding may also be related to increased failure of MoM hips in this subset of the Medicare patient population. A study by Lombardi et al. [27] of 1235 patients with a mean age of 58 years reported an increased risk of revision of large-diameter MoM THAs in younger patients. However, in that study, female patients were more likely to have failure of their MoM THA than male patients. Other studies have found that patient age did not affect patient outcome after THA revision surgery of any type [12] and isolated revision of the acetabular component specifically [25] . The identical mean and median CCI in our study shows that the two cohorts had the same 10-year predicted mean and median survival rates. However, the MoP cohort was larger and had a higher SD of CCI scores, indicating a wider distribution of preoperative health status and life expectancy compared with the MoM group.
Within the first 30 days after isolated acetabular revision, the rate of medical and wound complications was very similar between the two groups. Although bleeding complications and rates of postoperative anemia were not different between the two groups, one or more blood transfusions were more frequently administered to patients in the MoP cohort than the patients in the MoM cohort. This finding may be related to a higher proportion of female patients in this cohort, who may have had a lower preoperative hemoglobin concentration or who may have had a lower transfusion threshold. One study of the predictors of blood loss and transfusion requirements after revision THA found greater blood loss in men, elderly patients, and revisions of cemented (presumably polyethylene) components [28] . In that study after correction for confounding variables, only the preoperative hemoglobin concentration and the perioperative blood loss were associated with transfusion [28] . Patients undergoing isolated acetabular revision also had less blood loss and lower transfusion rates than both component revisions with 33% (21 of 63) of the patients undergoing isolated acetabular revision transfused at least one unit [28] . This was similar to the findings in our study. The rates of dislocation after isolated acetabular revision have been reported from 0% to 20% at followups ranging from 2 to 15 years (Table 6 ). It was expected that, as a result of ALTR and soft tissue damage, the rate of dislocation after MoM isolated acetabular revision would be greater than MoP revision. In the present study, there were no differences in the rate of dislocation between the cohorts at any timeframe after isolated acetabular revision. The dislocation rate at 2 years was 19% for MoP and 16% for acetabular revisions of MoM. Both cohorts in this database have high rates of dislocation and may exceed the upper range of the published rates of dislocation. Contrary to what was expected, the MoM revision cohort did not dislocate at a higher rate. The timing of these dislocations was notable with 3% of the patients undergoing MoP isolated acetabular revision with a dislocation within the first 30 days and 15% within the first year. One study reported that most dislocations occurred early at a mean time of 3 days (range, 1-8 days) [20] . Other studies reported dislocation much later, more consistent with the present study [22, 41] . In an analysis of 113 hip dislocations after revision THA, the first dislocation occurred at median 77 days (range, 0 days to 4.9 years) [41] . One recent study reported no dislocations of 33 hips revised with the use of dual-mobility components [10] . The Swedish registry [18] reported only a 2% dislocation rate of 228 acetabular revisions using dual-mobility components. However, the administrative database used in the current study does not permit such a comparison, because there is no ICD-9 code specifically for dual-mobility or constrained components.
The rate of deep infection after revision of MoM components has been reported as high as 8% in a study of aseptic revisions with a mean followup of 33 months [42] . Deep infection after isolated acetabular revisions has been reported from 0% to 3% at 3-to 11-year followup [10, 22] (Table 6) . Similarly, revisions of MoM have been reported to have high rates of infection, although these studies have not been specific to isolated acetabular revisions ( Table 7 ). In the present study using the Medicare database, the rate of deep infection for MoP was 4% within the first 90 days and 11% at 2-year followup. The isolated acetabular revisions of MoM components became infected 2% of the time within the first 90 days and 9% at 2 years. With the numbers available, we found no differences between MoM and MoP at any of the examined time points but were higher than other studies [10, 22, 23, 29, 32, 35, 38, 42] . These Medicare patients might have had more comorbidities and risk factors for infection than studies from single institutions.
In conclusion, the analysis of the Medicare database from 2005 to 2012 showed that there were high rates of complications after isolated revision of the acetabular component whether the bearing surface revised was either MoM or MoP. With the numbers available, there were no differences in the rates of dislocation, deep infection, or rerevision of acetabular revisions of MoM compared with MoP hips. Based on these findings, clinicians should counsel these patients preoperatively about the risks of these complications. The use of dual-mobility and constrained components has specific advantages and disadvantages in these settings. Further study of acetabular revisions with both bearing surfaces in national registries and multicenter studies should be performed. These studies could identify subgroups who would benefit from different approaches or component types to decrease complications after both types of isolated acetabular revisions.
